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What data vs which theoretical expression

Experimentally TWO quantities: A‖ and A⊥

(1) If both measured ⇒ knowledge of both g1 and g2

Fit g1|Expt to g1|Th .... (with higher twist terms??)

Most experiments only measure A‖

(2) Only A‖ measured
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Experiments present either A1 or g1

F1
or both
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Experiments present either A1 or g1

F1
or both

g1

F1
=

A‖

d
+

2Mxg2

(E + E′ cos θ)F1

≈
A‖

d

A1 =
A‖

D
− ηA2

A1 ≈
A‖

D
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since

|A2| ≤
√

R (1 + A1)/2
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since

|A2| ≤
√

R (1 + A1)/2

Strategy:
Clearly if given g1

F1
, fit it to theoretical expression.

If given A1, two possibilities: Use

A1 =
g1 − γ2g2

F1

and ignore g2 term, or
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replace g2 in terms of A1 and A2

A1 = (1 + γ2)

[

g1

F1

]

+ (η − γ) A2,

and ignore A2 term but use its bound in systematic error.
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replace g2 in terms of A1 and A2

A1 = (1 + γ2)

[

g1

F1

]

+ (η − γ) A2,

and ignore A2 term but use its bound in systematic error.
Thus two approximations:

g1

F1
≈ A1 or

A1

1 + γ2

γ2 =
4M2x2

Q2
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For example: for CLAS data γ2 can be as big as 0.27
Suggests should include HT
DSSV puzzling feature:- No HT and always fit

( g1

F1

)LT

Th
= A1|Expt

BUT, when ONLY
( g1

F1

)

Expt
is given, use

( g1

F1

)LT

Th
= “A1|Expt” = (1 + γ2)

( g1

F1

)

Expt

Effect on PDFs ???????? Look at CLAS proton and
neutron data:
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Compare
(

g1

F1
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DSSV
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Comparison of χ2s for fit to
(

g1

F1

)

Expt

Expt
(

g1

F1

)

DSSV
/(1 + γ2)

(

g1

F1

)

DSSV

p 5.9 20
n 2.5 8.2
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Higher twist

Long ago we discovered empirically that HT terms
cancelled out in the ratio g1

F1
.

Berkeley 2009 – p. 11/33



Higher twist

Long ago we discovered empirically that HT terms
cancelled out in the ratio g1

F1
. Put

gEXP
1 = gLT

1 + gHT
1 FEXP

1 = FLT
1 + FHT

1

Berkeley 2009 – p. 11/33



Higher twist

Long ago we discovered empirically that HT terms
cancelled out in the ratio g1

F1
. Put

gEXP
1 = gLT

1 + gHT
1 FEXP

1 = FLT
1 + FHT

1

[ g1

F1

]EXP
≈

gLT
1

FLT
1

[

1 +
gHT
1

gLT
1

−
FHT

1

FLT
1

]

≈
gLT
1

FLT
1

provided there is a cancellation between gHT
1

gLT
1

and F HT
1

F LT
1

.
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Demonstrates the validity of this for x ≥ 0.15, but clearly
indicates that ignoring HT terms in the ratio g1

F1
below

x = 0.15 is incorrect.

Berkeley 2009 – p. 14/33



Demonstrates the validity of this for x ≥ 0.15, but clearly
indicates that ignoring HT terms in the ratio g1

F1
below

x = 0.15 is incorrect.
How will this affect the DSSV PDFs??
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The LSS Transformation Test

Some indication of the reliability of the NLO approximation
can be obtained via the LSS Transformation Test
In each order of perturbative QCD there exist
transformation formulae relating parton densities in different
factorization schemes.
Let us indicate this symbolically for two schemes, A and B:

∆q(x)|B = TB←A ∆q(x)|A. (4)

Suppose now that TB←A is known to NLO accuracy, and the
parton densities are extracted from the data, independently,
in NLO, using schemes A and B, with results ∆q(x)|data

A,B ,
respectively.
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If the densities can be extracted reliably in NLO i.e NNLO
effects are unimportant, then one should find

∆q(x)|data
B = TB←A ∆q(x)|data

A . (5)
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NNLO effects.
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If the densities can be extracted reliably in NLO i.e NNLO
effects are unimportant, then one should find

∆q(x)|data
B = TB←A ∆q(x)|data

A . (7)

Any failure of this equality is a measure of the importance of
NNLO effects.
Thus the ratio

∆q(x)|data
B −TB←A ∆q(x)|data

A

∆q(x)|data
B + TB←A ∆q(x)|data

A

gives some indication of the reliability of the parton
densities.
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PDF resultsMS: LSS, DSSV, AAC

The light quark densities: broad agreement:-
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The polarized strange quark density

This is a controversial issue at present. All analyses of
purely DIS data have found negative values for
∆s(x) + ∆s̄(x).
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This is a controversial issue at present. All analyses of
purely DIS data have found negative values for
∆s(x) + ∆s̄(x).
An important quantity is the first moment

∆S ≡

∫ 1

0
dx[∆s(x) + ∆s̄(x)]. (14)

LSS’06 give for its value

∆SMS = −0.126 ± 0.010 at Q2 = 1GeV 2 (15)

It was shown that a positive value for the first moment
would imply a huge breaking of SU(3)F invariance, far
greater than the ±10% breaking estimated by Ratcliffe
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Nonetheless analyses of SIDIS data for kaon production
have suggested positive values of ∆s(x) + ∆s̄(x) for
x ≥ 0.03.
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Nonetheless analyses of SIDIS data for kaon production
have suggested positive values of ∆s(x) + ∆s̄(x) for
x ≥ 0.03.
HERMES gives for the first moment for the measured range
0.02 ≤ x ≤ 0.6

∆S = 0.037 ± 0.019(stat.) ± 0.027(sys.) (19)

Maybe (?) not take HERMES results seriously, since
analysis in LO and relies on purities, whose accuracy may
have been overestimated.
However, the DSSV combined analysis (DIS, SIDIS,
pp → π) also finds positive values for ∆s(x) + ∆s̄(x) for
x ≥ 0.03, yet ends up with a negative first moment
∆S = −0.114 at Q2 = 10GeV 2.
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This is achieved by ∆s(x) + ∆s̄(x) becoming negative below
roughly x = 0.02.
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But there are essentially no data in the latter region, which
suggests this must be caused by the need to satisfy the
SU(3)F symmetry .
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This is achieved by ∆s(x) + ∆s̄(x) becoming negative below
roughly x = 0.02.
But there are essentially no data in the latter region, which
suggests this must be caused by the need to satisfy the
SU(3)F symmetry .

AAC (DIS, pp → π) find negative result.

So SIDIS is responsible for the positive values of
∆s(x) + ∆s̄(x)

COMPASS (Windmolders) study dependence of
∆s(x) + ∆s̄(x) on the choice of fragmentation functions.
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LO SIDIS K+ and K− production: 0.004 < x ≤ 0.3
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LO SIDIS K+ and K− production: 0.004 < x ≤ 0.3
Assume ∆s = ∆s̄

RU/F ≡
∫

DK+

d (z)dz
∫

DK+
u (z)dz

RS/F ≡
∫

DK+

s̄ (z)dz
∫

DK+
u (z)dz
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LO SIDIS K+ and K− production: 0.004 < x ≤ 0.3
Assume ∆s = ∆s̄

RU/F ≡
∫

DK+

d (z)dz
∫

DK+
u (z)dz

RS/F ≡
∫

DK+

s̄ (z)dz
∫

DK+
u (z)dz

Plot integral over measured range vs RS/F

Result sensitive to RS/F
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Main curve uses RU/F = 0.14 (DSS value); hatched uses
0.35 (SMC value).
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Comparison of results: Note error band!
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The flavour singlet first moment∆Σ

All the modern global analyses obtain compatible values for
∆Σ.
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The flavour singlet first moment∆Σ

All the modern global analyses obtain compatible values for
∆Σ.
In the MS scheme, where a0(Q

2) = ∆Σ(Q2) they find at
Q2 = 4 GeV2:

LSS’06 COMPASS’06 AAC’08 DSSV

0.24 ± 0.04 0.29 ± 0.01 0.25 ± 0.05 0.24

For reasons which are not understood these values are
somewhat lower than the values obtained directly from Γd

1

COMPASS ∆Σ(Q2 = 3) = 0.35 ± 0.06

HERMES ∆Σ(Q2 = 5) = 0.33 ± 0.04
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A problem!
Higher twist analyses of proton and neutron data: fix
leading twist from (Q2 ≥ 5) data.
∆Σproton = 0.15 ± 0.07 ∆Σneutron = 0.35 ± 0.08
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A problem!
Higher twist analyses of proton and neutron data: fix
leading twist from (Q2 ≥ 5) data.
∆Σproton = 0.15 ± 0.07 ∆Σneutron = 0.35 ± 0.08

Two standard deviations difference! No explanation.

Berkeley 2009 – p. 26/33



The polarized gluon density

LSS used a very simple parametrization

x∆G(x) = ηgAgx
ag [xG(x)] (20)
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LSS used a very simple parametrization

x∆G(x) = ηgAgx
ag [xG(x)] (21)

In the minimization procedure there was nothing to stop ηg

from being negative. Yet the best χ2 values always
corresponded to positive ∆G(x).
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The polarized gluon density

LSS used a very simple parametrization

x∆G(x) = ηgAgx
ag [xG(x)] (22)

In the minimization procedure there was nothing to stop ηg

from being negative. Yet the best χ2 values always
corresponded to positive ∆G(x).
For a long time all analyses seemed to indicate that ∆G(x)
was a positive function of x.
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∆G a few years ago:
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With new data, LSS find equally good fits with positive,
negative and sign-changing densities, providing HT terms
are included
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The present world situation:
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In all fits, and irrespective of the form of the gluon density,
the magnitude is always found to be very small.
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In all fits, and irrespective of the form of the gluon density,
the magnitude is always found to be very small.
Typically one has |∆G| ≈ 0.29 ± 0.32,
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Summary and open questions

Need to take care with ambiguities concerning HT in
kinematical factors and in QCD theory.

Berkeley 2009 – p. 32/33



Summary and open questions

Need to take care with ambiguities concerning HT in
kinematical factors and in QCD theory.

Now have considerable data on g2. Should be used in
extracting g1.

Berkeley 2009 – p. 32/33



Summary and open questions

Need to take care with ambiguities concerning HT in
kinematical factors and in QCD theory.

Now have considerable data on g2. Should be used in
extracting g1.

Take error bands with a pinch of salt. Clearly don’t
reflect uncertainties arising from parametrization.

Berkeley 2009 – p. 32/33



Summary and open questions

Need to take care with ambiguities concerning HT in
kinematical factors and in QCD theory.

Now have considerable data on g2. Should be used in
extracting g1.

Take error bands with a pinch of salt. Clearly don’t
reflect uncertainties arising from parametrization.

Need to clarify what is going on in SIDIS wrt ∆s(x). FFs
to blame ???

Berkeley 2009 – p. 32/33



Summary and open questions

Need to take care with ambiguities concerning HT in
kinematical factors and in QCD theory.

Now have considerable data on g2. Should be used in
extracting g1.

Take error bands with a pinch of salt. Clearly don’t
reflect uncertainties arising from parametrization.

Need to clarify what is going on in SIDIS wrt ∆s(x). FFs
to blame ???

Need to understand disagreements in first moment ∆Σ
obtained from HT expansions.
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“The spin crisis in the parton model" :
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“The spin crisis in the parton model" :

(1) IF assume ∆Σ|MS ⇔ 2Squarks
z

then Squarks
z ≈ 24 − 30% Sproton

z
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“The spin crisis in the parton model" :

(1) IF assume ∆Σ|MS ⇔ 2Squarks
z

then Squarks
z ≈ 24 − 30% Sproton

z

(2) IF assume ∆Σ|JET ⇔ 2Squarks
z ≈ 60%

then need ∆G ≈ 1.7 at Q2 = 1GeV 2

Much bigger than present values!
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